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INTRODUCTION
High blood pressure (BP) affects not only the heart, kidneys, brain, and large arteries but also the eyes. Retinal, choroidal, and optic nerve circulations undergo pathophysiological changes, resulting in clinical signs referred to as hypertensive retinopathy, hypertensive choroidopathy, and hypertensive optic neuropathy.
Systemic hypertension also increases the risk of development of retinal vein and artery occlusion, retinal-arteriolar emboli, retinal arterial macroaneurysm, nonarteritic ischemic optic neuropathy (NAION), and diabetic retinopathy.
On the other hand, the eye is the only organ where the blood vessels can be observed directly. Retinal arterioles are similar to the cardiac and cerebral arterioles from the anatomical and physiological standpoint. The evaluation of retinal circulation provides further information of the changes in the microvasculature in the body, which may provide additional information on the cardiovascular or cerebrovascular risk stratification of hypertensive patients [1] [2] [3] .
The purpose of this review was to summarize the ocular manifestations of systemic hypertension and its clinical implication on cardiovascular and cerebrovascular risk stratification.
PATHOPHYSIOLOGY
High BP results in a series of pathophysiological changes in the retinal circulation [4] . The initial response is vasospasm as well as an increase in the vasomotor tone (generalized arteriolar narrowing, Fig. 1 Systemic hypertension affects not only the heart, kidneys, brain, and large arteries but also the eyes. High blood pressure (BP) causes a series of pathophysiological changes in the retinal vasculature, including focal and diffuse narrowing of the retinal arteriole, opacification of the arteriolar wall, and compression of the venules by arterioles. In severe cases, hemorrhage, nerve fiber layer infraction, and disc swelling can occur. Systemic hypertension results in various retinal vascular diseases, such as hypertensive retinopathy, retinal vein or artery occlusion, retinal arterial macroaneurysm, and nonarteritic ischemic optic neuropathy. High BP also increases the risk of development and progression of diabetic retinopathy. Signs of hypertensive retinopathy are predictive of target-organ damages, including cardiovascular and cerebrovascular diseases. While managing patients with hypertensive retinopathy, physicians should be aware of the management of cardiovascular and cerebrovascular risk factors. have increased BP when type 2 diabetes is first diagnosed [5] , with the prevalence of systemic hypertension increasing to approximately 100% when diabetic renal disease manifests [6] . The concomitant presence of systemic hypertension, diabetes, and atherosclerosis significantly magnifies the risk and aggravates microvascular complications, including hypertensive or diabetic retinopathy [7] .
HYPERTENSIVE RETINOPATHY
Hypertensive retinopathy is a spectrum of retinal microvascular changes that are associated with high BP [8] . Keith et al. suggest that the severity of retinal microvascular changes predict the mortality of hypertensive patients and devised a four-grade classification system for hypertensive retinopathy, with increasing severity based on arterial characteristics and retinopathy ("Keith-Wagener-Baker system", Table 1 ) [9] . This is the most commonly used grade scale of retinal vasculature. The non-malignant signs (arteriovenous ratio and general and focal vessel narrowing) are graded compared to what the examiner considers to be normal. Additional malignant signs of hemorrhages, exudates, and papilledema are graded according to their presence or absence. The 3-year survival rate was 70% for patients with grade 1 hypertensive retinopathy compared to 6% for patients with grade 4 retinopathy [8] .
Although this system is widely used, early retinopathy grades are not easily distinguished (e.g., grade 1 signs and grade 2 signs are difficult to distinguish). Furthermore, the prognostic implications of early hypertensive retinopathy grades are unclear. Thus, attempts have been made to grade the state based on the relative severity of hypertensive retinopathy signs, relation to systemic disease, and the prognostic significance [1] . In this system, mild reti- 
OTHER OPHTHALMIC DISEASES ASSOCIATED WITH SYSTEMIC HYPERTENSION
Retinal vein occlusion is the most common retinal vascular disorder, second to diabetic retinopathy, in the elderly population and is characterized by dilated and tortuous retinal veins, retinal hemorrhages, cotton-wool spots, and edema of the macula and optic disc [11] . These signs can be seen either in only one (branch retinal Fig. 2 ). There is a strong association between systemic hypertension and retinal vein occlusion, especially in the older age group (over 50 years) as uncontrolled or recently diagnosed systemic hypertension is common among them [12] [13] [14] .
Retinal emboli are oval or rhomboid-shaped discrete plaquelike lesions lodged in the lumen of retinal arterioles (Fig. 3A ) [15] .
They can be single or multiple and can be seen in one or both the eyes [16] . The major risk factors for retinal emboli are known to be systemic hypertension, diabetes, and cigarette smoking [17] [18] [19] .
Retinal emboli can occlude the distal portions, resulting in retinal artery occlusion (Fig. 3B) . Retinal artery occlusion is a sight-threatening condition characterized by a sudden, painless loss of vision with a whitened retina. Occlusion of the central retinal artery (central retinal artery occlusion) is more common than sectoral occlusion (branch retinal artery occlusion), resulting in retinal whitening of the posterior pole and a cherry-red spot [20] .
Retinal arterial macroaneurysm is a saccular fusiform dilatation of a retinal arteriole and is associated with systemic hypertension in up to 75% of patients and results from dilatation of inelastic aging retinal arterioles due to high BP [21] . Patients are usually asymptomatic, but may present hemorrhaging and exudation, resulting in vision loss.
NAION is the most common acute optic nerve disease in elderly individuals. It presents with a sudden visual loss with optic-disc edema, which is typically absent in posterior optic nerve ischemia, and lacks evidence of temporal arteritis [22] . Systemic hypertension may impair the optic nerve perfusion in a similar way to that seen in retinal circulation. Up to 50% of the patients with NAION may have systemic hypertension [23] .
Systemic hypertension is a risk factor for the development of diabetic retinopathy as well as its progression. In poorly controlled diabetic patients, retinal blood flow is commonly increased and the retinal vascular autoregulation is usually damaged. Moreover, high BP causes shear stress of the vessel walls that results in retinal vascular endothelial damage, followed by increased expression of vascular endothelial growth factors [24, 25] . Tight BP control in diabetic patients is important for both primary and secondary prevention of diabetic retinopathy [26] .
CLINICAL IMPLICATIONS AND PERSPECTIVES
The association of hypertensive retinopathy and the risk of coronary heart disease have been documented in previous reports. In the National Health Examination Survey, individuals with retinal arteriolar narrowing were two to six times more likely to have a preexisting coronary heart disease than those without retinal arteriolar narrowing, after adjusting the systemic hypertension, diabetes, and serum cholesterol levels [27] . Duncan et al. reported that the presence of hypertensive retinopathy predicted a doubling in the risk of coronary heart disease, and the presence of either generalized or focal narrowing of arterioles predicted almost a tripling of the risk in men with systemic hypertension and hyperlipidemia [28] . However, the Atherosclerosis Risk in Communities study reported that generalized arteriolar narrowing increases the risk of coronary heart disease only in women but not in men [21] .
People with retinal emboli show a higher risk of cardiovascular disease [19] and are two times more likely to have coronary heart disease and four times more likely to have carotid artery plaque than those without emboli [29] .
Kang et al. [10] The evaluation of hypertensive retinopathy can be useful for the risk stratification of stroke. The Atherosclerosis Risk in Communities study showed that signs of retinopathy predicted a two to four times higher risk of newly diagnosed clinical stroke compared to those without signs after adjusting the other risk factors of stroke [30] . Likewise, population-based studies conducted in the United States [31] and in Japan [32] showed that the risk of stroke are two to three times higher in persons with signs of retinopathy and these associations were independent of cardiovascular risk factors. The presence of retinal emboli resulted in a twofold higher risk of stroke mortality, which is independent of BP and other risk factors [18] .
In the study of Kang et al., cerebrovascular disease was observed in 1.9% of persons with hypertensive retinopathy and was not observed in persons without hypertensive retinopathy [10] . 
CONCLUSION
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